Abstract-The hypothesis has been advanced that cardiovascular prognosis is related not only to 24-hour mean blood pressure but also to blood pressure variability. Data, however, are inconsistent, and no long-term prognostic study is available. In 2012 individuals randomly selected from the population of Monza (Milan), 24-hour ambulatory blood pressure (Spacelabs 90207) was measured via readings spaced by 20 minutes. Systolic and diastolic blood pressure variability was obtained by calculating the following: (1) the SD of 24-hour, day, and night mean values; (2) the day-night blood pressure difference; and (3) the residual or erratic blood pressure variability (Fourier spectral analysis). Fatal cardiovascular and noncardiovascular events were registered for 148 months. When adjusted for age, sex, 24-hour mean blood pressure, and other risk factors, there was no relationship between the risk of death and 24-hour, day, and night blood pressure SDs. In contrast, the adjusted risk of cardiovascular death was inversely related to day-night diastolic BP difference (␤ coefficientϭϪ0.040; PϽ0.02) and showed a significant positive relationship with residual diastolic blood pressure variability (␤ coefficientϭ0.175; PϽ0.002). Twenty-four-hour mean blood pressure attenuation of nocturnal hypotension and erratic diastolic blood pressure variability all independently predicted the mortality risk, with the erratic variability being the most important factor. Our data show that the relationship of blood pressure to prognosis is complex and that phenomena other than 24-hour mean values are involved. They also provide the first evidence that short-term erratic components of blood pressure variability play a prognostic role, with their increase being accompanied by an increased cardiovascular risk. Key Words: population science Ⅲ risk factors Ⅲ blood pressure monitoring Ⅲ blood pressure variability Ⅲ morbidity Ⅲ mortality S everal years ago, the hypothesis was advanced that the deleterious effects of hypertension on the cardiovascular (CV) system depend not only on the increase in average blood pressure (BP) but also on an increase in the magnitude of the BP variability throughout the day and night. [1] [2] [3] This found support in the studies that have measured the SD of average BP over the 24 hours or shorter time intervals and showed that BP variability is greater in hypertensive than in normotensive individuals 4 -7 and that for the same increase in mean 24-hour BP, its magnitude is related to the degree of CV damage. 1-3 However, in other studies, the correlation between BP variability and organ damage disappeared after adjustment for other CV and/or metabolic and demographic variables. 8, 9 Furthermore, and more importantly, the prognostic value of BP variability has never been tested by proper longitudinal studies, the few available ones 2,3 being limited by a small study size, a short follow-up, or a conclusion based on surrogate prognostic markers (progression of left ventricular hypertrophy or arterial wall thickening) rather than on the incidence of hard end points, such as CV events.
S
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In the Pressioni Arteriose Monitorate e Loro Associazioni (PAMELA) Study, we measured 24-hour ambulatory BP in a large sample representative of the population of a town (Monza) in the northeast outskirts of Milan. 10 Subjects were followed for 148 months during which fatal events were registered. This allowed us to address for the first time whether in the population BP variability predicts the longterm risk of death.
Methods
The methodology used in the PAMELA Study has been reported in detail elsewhere. 10 Briefly, 3200 individuals were randomly selected from the Monza residents to represent the town population within the age decades from 25 to 74 years. The overall participation rate was 64%, that is, 2051 subjects.
Entry and Follow-Up Data
From 1991 to 1993, collection was made of subjects' demographic variables, as well as of metabolic and other risk factors. Clinic BP was measured 3 times via a sphygmomanometer with the subject in the sitting position, using the first and fifth Korotkoff sound to identify systolic and diastolic values, respectively. Twenty-fourhour ambulatory BP (Spacelabs 90207) was measured over a working day (Monday to Friday) with BP readings set at 20-minute intervals. Subjects spent the recording time outside of the hospital. Information on subjects vital status was ascertained by the vital statistics of the municipalities of Monza and nearby areas up to October 1, 2004 . A copy of the death certificate was obtained for all of the subjects who had died.
Data Analysis
As reported previously, in each subject ambulatory BP values were edited from artifacts according to preselected criteria 11 and averaged for the 24 hours, the day (7:00 AM to 11:00 PM), and the night (11:00 AM to 7:00 AM). Valid ambulatory BP readings were Ͼ95% of the expected readings (nϭ72) with a homogeneous distribution through the entire recording time (2.9 readings per hour). Calculation was made of several indices of diastolic (D) BP variability. First was the SDs of the mean 24-hour, day, and night values. Second was the difference mean in DBP day and night values. Third was the DBP variability derived from spectral analysis of the 24-hour BP tracing. 12 That is, individual DBP readings were averaged for all of the subjects to obtain the circadian DBP profile for the group as a whole, and the fast Fourier transform spectral analysis was applied to the data obtained to identify the cyclic components that accounted for most of the DBP variations. Two cyclic components were found to account for Ͼ95% of the DBP SD, one related to the day and night and the other to the preprandial and postprandial DBP difference. These 2 components were tested for their overall ability to fit the circadian DBP profile in each subject, and the sum squared of the difference between the observed and the fitted profile was taken as reflecting in each subject the DBP variability unexplained by the cyclic components. This was termed "individual residual variability" and was taken to reflect the erratic DBP variations. Similar calculations were made for systolic (S) BP. When averaged for all of the subjects, the residual variance accounted for 49.1Ϯ15.5% and 51.4Ϯ16.5% of all of the DBP and SBP variance, respectively. The cyclic versus the residual or erratic SBP variations in 4 different subjects are shown in Figure 1 .
Cox proportional hazard models were fitted to explore the relationship between each DBP or SBP variability index and the natural logarithm of the relative risk of CV or all-cause death. ␤ Coefficients (the average change in the natural logarithm of the relative risk of death per 1-mm Hg increase in a variability index) were estimated by maximizing the logarithm of the practical likelihood function. For each index, the likelihood ratio was computed to evaluate the goodness of fit of the data to the model used to estimate the risk of death. Data were subjected to multivariate analysis, which included 24-hour average BP, sex, and age plus history of CV disease, smoking, plasma glucose, and total serum cholesterol. This was done because most of the above factors bear a positive relationship with BP variability, 4, 7, 12, 13 in part because of a stiffening influence on large-and middle-size arteries, with an increase in the pressure excursions within the arterial compartment. 14 -16 The variability indices that predicted the risk of death after the above analysis were further subjected to a step procedure to establish the relative importance of their predictive value ( 2 ) in relation to 24-hour mean BP. Kaplan-Meier survival curves (CV or all-cause death) were constructed for each BP variability index by stratifying subjects according to its value above and below the median 1, after adjustment for age, sex, 24-hour average BP, and other CV risk factors (see above). The log-rank test was used to compare the curves. Differences in proportions and means were calculated using a 2 test or a Student's t test. A PϽ0.05 was taken as the level of statistical significance. Throughout the text the symbol "Ϯ" refers to the SD of the mean except for the ␤ coefficients, for which it refers to the SEM.
Results
During the 148-month follow-up period, there were 233 deaths, (ie, 11.4% of the sample) of which 69 (29.6%) were reported as CV. Table 1 shows that, compared with subjects alive at the end of the follow-up, those who died of CV disease were older, more likely to be male, and more likely to have a history of CV disease. Prevalence of smoking was similar in the 2 groups, whereas body mass index, serum cholesterol, plasma glucose, history of diabetes and CV disease, and clinic, home, and 24-hour ambulatory BP values were greater in those who had a fatal CV event. This was the case also for all of the indices of BP variability (24-hour, day, and night BP SDs, as well as cyclic and residual or erratic BP variability components derived from Fourier analysis of the 24-hour BP tracing), except for the day/night BP difference, which was smaller in subjects who had died as compared with the alive ones. The non-CV death group resembled the CV death one, although the differences with alive subjects were less pronounced.
The risk of CV and all-case death showed a significant positive relationship (P always Ͻ0.001) with 24-hour, day, and night SBP and DBP SDs (data not shown). However, as reported in Table 2 , after adjustment for age, sex, 24-hour mean BP, and other potential confounders (see Methods 
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ponent of BP variability. After adjustment for confounders, the residual component of DBP variability was the best predictor of both CV and all-cause death, followed by the alteration of the day/night DBP difference and the 24-hour mean DBP values ( Table 3 ). The adjusted relationship between the risk of CV and all-cause death with the erratic variability, day-night difference, and 24-hour mean is shown in Figure 2 for the actual range of values occurring in the population. As shown by the adjusted (see Methods section) Kaplan-Meier curves of Figure 3 (top), in subjects with a residual DBP variability above the median value, CV mortality was significantly greater than in those with a residual BP variability below the median value, with the 2 curves showing an early and progressive divergence. This was also the case for subjects with a day/night DBP difference below as compared with above the median value. The trends were similar for all-cause mortality (Figure 3, bottom) , although the between-curve differences did not achieve statistical significance.
Discussion
In the PAMELA population, the long-term risk of CV mortality showed a positive relationship with 24-hour, day, and night SBP and DBP SDs. However, in most instances, the relationship disappeared after adjustment for 24-hour average BP, age, and other CV risk factors, thus providing no solid longitudinal evidence in favor of their independent adverse prognostic role. However, this was not the case for 2 other indices of BP variability that were used in the study, that is, the BP difference between day and night and the 24-hour BP variations that were not accounted for by the cyclic components of the 24-hour BP profile identified by the Fourier analysis of the 24-hour BP tracing, thus expressing the tendency of BP to vary erratically throughout the day and night. The day/night BP difference was inversely related to the risk of fatal CV events, which means that subjects in whom the nocturnal BP reduction from the higher daytime value was less had a greater probability of dying from CV disease. On the contrary, residual BP variability was positively related to the risk of fatal CV events, which means that CV death was more likely in subjects in whom erratic BP variations were more pronounced. For both indices, the relationship with the risk of CV death remained significant in a multivariate analysis that included 24-hour mean BP values, age, sex, and major CV risk factors, thereby documenting their independent contribution to patients' prognosis. This was reinforced by the evidence that, in several instances, these indices of BP variability showed an independent relationship also with the risk of all-cause death. Several other results of our study deserve to be mentioned. First, in addition to providing the first demonstration of an adverse long-term prognostic role of erratic BP variability, our data suggest that this role is by no means marginal. This is because the increase in the risk of CV death with an increase in erratic DBP variability was steep (Figure 2) . Furthermore, in the stepwise procedure reported in Table 3 , the ability of erratic DBP variability to predict both all-cause and CV death was superior to that related to an alteration of the day/night BP difference, as well as of 24-hour mean BP values. Thus, the probability of dying appears to independently originate from a variety of BP-related phenomena, with a substantial contribution of erratic BP changes. Data adjusted for confounders (see Table 2 ). Symbols as in the preceding figures and tables. Second, previous studies have reported that hypertensive nondippers, that is, individuals with a high BP and an attenuation of the nocturnal BP fall, have, on average, a greater degree of progression of organ damage, as well as a greater risk of a cerebrovascular or CV events than hypertensive dippers, that is, individuals with no or less attenuation of the nighttime BP fall. [17] [18] [19] It has also been reported that nocturnal BP values are prognostically more important than the diurnal ones. 20 -22 This is in line with our present data, which, in addition, show that the adverse prognostic influence of the nondipping phenomenon is also evident when quantified indirectly by the first cyclic component of the Fourier analysis of the 24-hour BP tracing. Furthermore, and more importantly, the greater risk of death associated with an attenuation of the nighttime BP fall is manifest also at a general population level over a much longer follow-up than that explored previously. Finally, the relationship between the risk of death and the day/night BP difference holds also when adjustment is made in a multivariate analysis for differences in 24-hour average BP. This provides strong support for the concept that a greater BP reduction at night protects the CV system, presumably by reducing for a considerable fraction of the 24-hour period the load to the heart and vessels.
Third, in the subjects of the PAMELA Study, the increased risk of CV death associated with an increased magnitude of erratic BP variability was more evident for DBP than for SBP, of which the contribution to patient prognosis did not usually survive adjustment for other potentially confounding factors. We do not have an explanation for this finding, which is not in line with the importance of SBP documented in several epidemiological studies. 23, 24 We may speculate, however, that 2 factors are involved. First is the relatively high number of young and middle-age subjects in the PAMELA Study, because the prognostic significance of SBP and DBP increases and decreases, respectively, with aging. 25 Second is the greater dependence of overall BP variability on DBP rather than on SBP, given that DBP covers a much greater part of the cardiac cycle.
Fourth, the reasons why the erratic BP variability adversely affects survival can only be a matter of speculation. A plausible hypothesis, however, is that the relatively fast BP changes that are quantified by this approach exert a traumatic effect on the CV system, favoring the development and progression of atherosclerosis.
Our results have limitations that need to be mentioned. First, the intermitting BP readings (every 20 minutes) that can be obtained by noninvasive BP monitoring did not allow the fastest and shortest BP changes to be measured, 26 thereby offering an incomplete picture of the multifold components that characterize day and night BP variations. This can only be obtained by intra-arterial BP monitoring or by complex finger beat-to-beat BP monitoring devices 27 that can hardly be used in large-scale studies, particularly when the general population is involved. Second, our population was characterized by a limited number of CV deaths. This limited the power of the study to statistically demonstrate the relationship between the variability phenomena under investigation and fatal CV events. However, the results on the importance Figure 3 . Kaplan-Meier curves for CV and all-cause mortality in subjects with day-night DBP difference and residual variability above (black lines) and below (gray lines) the median value of the population. Data adjusted for age, sex, history CV disease, smoking, blood glucose, and serum total cholesterol. P refers to the level of statistical differences between curves.
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of erratic BP variability for the risk of CV death were reflected by those on all-cause death, of which the number was 4 times as large.
Perspectives
Our data show that the relationship of BP to prognosis is complex and that phenomena other than 24-hour mean values are significantly involved. These phenomena consist of 24-hour variability, of which the components, however, have opposite effects on the risk of mortality. An increase in variability because of greater day/night BP differences is associated with CV protection, which, in contrast, is reduced when there is an increase in erratic BP variability.
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